Omega-3 fatty acids are essential fatty acids which are necessary for human health obtained only through diet. The three types of omega-3 fatty acids are involved in human physiology are alpha linolenic acid found in plant oils (ALA), eicosapentaenoic acid, and docosahexaenoic acid (EPA; DHA) both are commonly found in biological sources of marine origin. Marine algae and phytoplankton are primary sources of omega-3 fatty acids. Among the microalgae, Nannochloropsis have been identified for the high EPA content. It is very important to reduce the economic value of the range of products, fuel to pharma from the high lipid productivity strains. In the present study, we have explored a simple preliminary screening method by enrichment technique for selecting oleaginous microbes and optimized several culture parameters with maximum algal growth observed when cultured in f/2 media and at optimal temperature 25 C. Further high yield of biomass and lipid content with 8.6 g/L and 0.17 g/dry wt (17%) respectively were achieved when using urea as an economical nitrogen source. 0.9% EPA was achieved from N.gaditana cultivated in laboratory conditions. This study paved for future opportunities of large scale production of omega 3 fatty acids from Nannochloropsis gaditana and suggested further optimization of culture conditions in photobioreactor systems would yield maximum omega 3 fatty acids in commercialization aspects.
INTRODUCTION
Nannochloropsis is an excellent and highly respected microalgae because of its nutritional value and the ability to produce valuable secondary metabolites such as pigments such as zeaxanthin, astaxanthin and polyunsaturated fatty acids (PUFA). PUFAs are essential fats required to the body and acquired indirectly from the PUFAs rich foods. For instance, the foods containing high PUFAs such as omega-3 include fishes, vegetable oils, nuts (especially walnuts), flax seeds, flaxseed oil, and leafy vegetables. Efficient medium composition for microalgae growth needs to be developed, to enhance the biomass and lipid productivity. After preliminary screening and optimization of culture parameters, statistical optimization was applied to the optimization of multiple variables in the fermentation processes with acceptable results [1] . .
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Microalgae have an excellent composition of carbohydrate, protein, and fats that are widely used to meet food needs and the public's health. They can be cultured either photoautotrophically or heterotrophically [2, 3] . Nannochloropsis is one of the most promising microalgae for accumulating maximum lipids. Intensive cultivation for the production of large quantities of microalgae biomass requires a proper harvesting technique. One of the major problems in large scale production of microalgae is the development of efficient separation of cells from culture broth and also to maintain their viability and bioactivity prior to use in the field [4] . Fatty acid profile of N.gaditana was found to be naturally high in EPA and devoid of docosahexaenoic acid (DHA), thereby providing an opportunity to maximize the efficacy of EPA production [5] . Asfouri Nadia Yasmine et al suggested that tradeoffs between growth, pigments and lipid yields as well as culture success can ultimately decide what nitrogen sources and temperature to use [6] .
With this background, in the present study we focused on importance of N. gaditana for its high PUFA content, thriving a simple screening protocol for selection of oleaginous microbes, optimizing of various culture conditions to enhance biomass and omega 3 fatty acid production of N. gaditana, under laboratory cultivation.
MATERIALS AND METHODS

Sample collection
Nannochloropsis gaditana was isolated from the offshore water of the Pondicherry Coast of Southeast India using 25 µm plankton net. The samples were brought to the laboratory and inoculated in the f/2 medium (Table 1 ) and kept at 24 ±1ºC under 30 Em -2 s -1 light intensity using fluorescent bulbs where light intensity was detected by lux meter in12/12 light and dark cycle. The isolation and purification were done using algal culturing techniques [7] . The isolated N.gaditana was also cultured and maintained in the conway medium under the laboratory conditions for optimization studies ( Table 2 ). 
Identification of Nannochloropsis gaditana
The Nannochloropsis gaditana was identified based on their morphological features as observed under a compound microscope [8] . Semipermanent slides of the samples were prepared with DPX (mixture of distyrene (a polystyrene), a plasticiser (tricresyl phosphate), and xylene) mountant and used for identification.
Screening and isolation of oleaginous cultures
Log phase culture was grown in f/2 medium in natural seawater under continuous illumination and nitrogen deprived condition at 28°C for 5 days. This mixture allows the amount of oleaginous microbes and content of lipids to reach a certain level. Enriched culture was then transferred to usual medium and grown without illumination for three to five days. Cells were then enumerated by colony count, turbidimetric method and biomass determination. The strains which have shown stable cell counts and biomass as same as before the screening step, those strains were carried to further optimization [9] 
Growth study and media optimization
Nannochloropsis gaditana was grown in two sterile f/2 medium [10] and Conway [11] , in 50% artificial sea water, 40 mM Tris HCl, pH 8. Maintenance and growth of cultures were performed using the same medium supplemented with 10 g/liter of plant agar purchased from Himedia. Growth experiments were performed in erlenmeyer flasks using orbital shaking; starting from a 50 mL optimally grown culture transferred to 450 mL of f/2 medium in 1000 mL flasks and kept for 25 days at 2000 lux and 25 °C for incubation. Cell count, biomass and lipid content were recorded at every 4 days interval. mL was used as a seed culture and inoculated into 17.5 L media with bubbling for air supply. Indoor mass culture was carried out with 20 L carbouys.
Preparation of microalgae inoculums and mass cultures
Cell count and biomass determination
The algal cell density was measured everyday by counting by a haemocytometer and a light microscope. Growth curves were plotted against days and 106 cells/ml of cell number. 25 ml of algal culture were filtered through a membrane filtration apparatus; pre-weighed cellulose acetate filters (0.2 µm) and Whatmann GF/C glass microfiber filters (91.2 µm). The filter containing algal biomass was washed thrice with 25 mL of isotonic solution of 0.65 M ammonium formate [12] to remove excess salt. Then the filter was placed in the moisture analyzer and its dry weight was recorded after drying at 100 ºC for ~8 min. The dry weight of the sample was calculated after subtracting the initial filter paper weight from the total weight.
Harvesting of algal cells
Nannochloropsis culture media were taken in a large beaker of 10 L and the pH was adjusted using 2 M NaOH solution and the pH was measured with a bench top pH meter. In this study the culture media, pH was adjusted to 10 ± 0.5 [13] . The pH adjusted culture was then transferred immediately into a separate flask or narrow mouth containers for dewatering. The collected cell suspension was slightly acidified with diluted hydrochloric acid to remove sodium salts and was further dewatered such that to separate maximum water from the algal mass. The final algal concentrate were spread on plates for air drying.
Determination of biomass and lipid content
Major pigments were extracted using acetone solvent mixture in combination with the ultrasonic method [14] . Algal lipids were extracted by the procedures similar to the Folch method chloroform/methanol (2:1,v/v) containing 0.1% BHT (butylated hydroxyl toluene) as an antioxidant was added and mixed vigorously for 1 min then left at 4 °C overnight. One mL of 0.9% sodium chloride was added and mixed again. The organic phase containing lipids was collected. The residual extract was extracted with 2 mL dichloromethane. Organic phase extracts were pooled and dried under nitrogen and subjected to saponification by mixing with 50% sodium hydroxide in methanol at 100°C for 30 min. The mixture was cooled and poured into crushed ice and 40 mL of water added. The mixture was shaken with 4 mL ethyl ether to wash of the unsaponified materials. Further, the suspension was subjected to methylation by adding methanolic hydrochloride solution. Fatty acid methyl esters were then collected by mixing with the extraction solvent containing hexane and tert-butyl methyl ether [15] . Finally the solvent phase was evaporated and stored for estimation of fatty acids by chromatopgraphy.
RESULTS AND DISCUSSION
Currently, optimizing the culture parameters of microalgae for improving biomass and lipid content has been considered as the major factor for the sustainable product development. The algal lipids were widely used in several industrial applications and enhancing the biomass is also to be considered as the major bottleneck in economic concern. In the present study, optimal temperature, nitrogen source yielded the maximum biomass and lipid content. The main objective of the present study was to optimize the culture conditions and identify the microalgae for the production of omega 3 fatty acids. In agreement with the present study [16] have reported that C. protothecoides has significantly enhanced the final cell concentration from 4.9 to 31.2 g/L, while increasing the glucose concentrations in the culture medium with only a slight reduction in the cell yield (0.49-0.39 g/g). In addition, [17] have reported that Nannochloropsis sp., could utilize the carbon sources for their mixotrophic and heterotrophic growth. Moreover, the glucose is the most commonly used carbon sources in microalgae cultivation as it has enhanced the lipid production [18] . It is proved that the microalgae species C. protothecoides [19] , Crypthecodium cohnii [20] are having the capacity to uptake carbohydrates directly and transforming them into lipids under nitrogen starvation. Nannochloropsis recognized as a good potential source of EPA (20:5) , an important polyunsaturated fatty acid for the prevention of several diseases. In the current study, oleaginous algae were screened by an enrichment technique where the cultures were exposed to nitrogen starvation stress condition with abundant carbon source. As nutrients and environmental factors are crucial components in algal production, they have to be optimized efficiently for higher lipid productivity. An optimal nutrient condition is attributed to the combined effect of both concentration and source of nutrient [21] . Preliminary investigations on various parameters were employed to cultivate N. gaditana under different medium (Fig. 2 & 3) . The maximum biomass was observed in f/2 culture medium using artificial seawater (0.22 g/L) compared to Conway medium. Further, the optimization studies were also carried out for optimal temperature, nitrogen source with respect to biomass and lipid production. A highest lipid yield of 69 mg/L was achieved when grown at 25ºC whereas, 2.3 mg/L at 37ºC (Fig.4) . Influence of nitrogen sources on biomass and lipid content by cultivation under various concentrations of sodium nitrate and urea (Figs. 5 & 6) . As stated by Danesi and Soletto urea is used as a economical nitrogen source than nitrate and had no effect on the final chlorophyll content of the cultures [22] . Nitrate effect was studied by supplementing sodium nitrate at different concentrations and found nitrate concentration about 0.6 g/L shown high biomass and lipid yield. Torre et al., (2003) , has demonstrated that Spirulina platensis could utilize urea in fed-batch and batch culture [23] . Fidalgo et al., (1998) also recommended the use of urea for marine microalga Isochrysis galbana resulted in higher fatty acid contents than the use of nitrate and nitrite [24] . Similarly, the growth rate and total lipid content of N. gaditana also varied with the level of urea concentration in during the cultivation compared with sodium nitrate. The highest biomass and lipid yield have shown 8.6 g/L and 0.17 g/dry weight, respectively, when using urea in mass cultivation with optimized culture conditions. Cells were harvested by the flocculation method by altering the pH. Algal mass obtained were shade dried and powdered after vacuum drying. Algal biomass obtained was used for solvent lipid extraction and the final extract was stored at -20ºC with addition to 0.1% BHT (Butylated hydroxy toluene) as antioxidants.
The crude lipid extract was then subjected for fatty acid extraction method followed by methylation for the production of fatty acid methyl esters which were suitable for gas chromatography. Fatty acid profile of N.gaditana cultivated under culture conditions is given in Table 3 . Nannochloropsis is a potential source of EPA and several attempts have been made to improve the algal EPA production by optimizing the medium composition [25, 26] . Interestingly, in this study a notable increase in EPA content was recorded in heterotrophic culture condition and our study adds strength. In addition, improving fatty acid synthesis is a promising strategy for lipid accumulation in algal cells. Prominently, some acyl-CoA synthase, diacylglycerol kinase, and glyceraldehyde-3-phosphate dehydrogenase, which were played a major role in glycolysis, acetyl CoA synthesis, and TAG accumulation, respectively, were considered as key sites for controlling of lipid synthesis [27] . The results showed that the fatty acid profile of N.gaditana was altered under these culture conditions. According to Selvakumar (2014) , eicosapentaenoic acid (n-3, C20:5) 5% was achieved by outdoor cultivation for biodiesel production but no EPA production under the indoor cultivation [28] . But, in the present study, we have achieved about 0.9% of EPA in indoor cultivation using carbouys (Table 3) . However, in the present study, the optimized medium for cultivation of N. gaditana showed a considerable increase in eicosapentaenoic acid (EPA) content (0.9 g). Further, enhancement in yield would be possible with the proper culture medium in a temperature controlled system in large scale. Additionally stearic acid content was found to be high (2%) followed by alpha linolenic acid (1.8%) plant source of omega 3 fatty acids were obtained. 
CONCLUSION
In conclusion, the results of this study have demonstrated the growth performance of N.gaditana in different growth parameters like media contents, temperature, and nitrate concentrations. The conditions were optimized to improve the biomass and lipid production. The expected results were achieved when cultivated in f/2 media at 25°C. It was found that urea an economical and effective agricultural byproduct which could be readily replace the nitrate source by achieving high lipid content than the sodium nitrate. This study defended that algae-based processes seem to be reliable and economically attractive source of omega-3 fatty acid, especially EPA,DHA and can provide an efficient way for the large scale production.
